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KIESTEI:-BOEIIK TROPELLER. * 
By H. Sachse. 

A means of propuls ion f o r  bo th  a e r i a l  and marine c r a f t ,  

. d i f f e r i n g  completely from the conver t iona l  screw p r o p e l l e r ,  has 

beeri iavented by t h e  Serman-American, P ro fes so r  r". E. K i r s t en  

of t h e  Univers i ty  of Wnshington, w i t h  t h e  a id  and coopzration 

of t h e  Anerican a i r p l a n c  n a m l a c t u r c r ,  Ur. 7. E. Bceinp;. The 

si_rcces:f~l ex~erinents I p d  to $he nrcani z i n ?  of the lfi(irr,teq- 

Boeing Engineering Conpar,y,'l i n  S e a t t l e ,  Washington, f o r  t h e  

f u r t h e r  improvement and manufacture of t he  I1Kirsten-Boeing1' 

p o p e l l e m .  

The a d v a n t a p s  of t h i s  ~ l e w  p r o p e l l e r  cons i s t  e s s e n t i a l l y  

ir, t h e  a d j u s t a b i l i t y  of t h e  t h m s t  i n  any des i red  d i r e c t i o n , .  

i n  t h e  p l m e  perpendicular  t o  t n e  a x i s  of r o t a t i o n  of the sys-  

tem, anC i n  i t s  high eyficiency.  The ?mye?-lcr ,  which, i n  ap- 

pearancc,  g r e a t l y  resembles t h e  paddle-wheels used on r i v e r  

steamrs, d i f f e r s  fund~umental ly  from t h e  r a t t e r ,  however, i n  

that  a l l  tile blade6 wQrk sirmltzncously i n  t h e  f l u i d  mediux , 

( a i r  o r  water ) .  This f a c t  n e c e s s i t a t e s  a s u i t a b l e  r o t a t i m  of 

t h e  ind iv iduc l  bladcs,  i n  oyder  'GO c o n t r o l  the  d i r e c t i o n  of 

t h e  t h r u s t .  .Fig. 1 i s  EL dfagra.;?mtic r ep resen ta t ion  of t h s  

* From 
January 14, 1926, pp. 1-4. 

----__ -- -- 
Z e it s c hr i f t €j!r F liJv t cchni k and hZQt o rhf '; s c h i f f  ahr t , 



N0A.C~d*. Technical Memorandum No, 351 2 

o u t l i n e  of such a p r o p e l l e r  w i t h  s i x  b l ades .  The arrow A in- 

d i c a t e s  t he  ci i rect ion of r o t a t i o n  of t h e  whole system. Tne 

r e q u i s i t e  c o n t r o l  of the  blacies, f o r  d i r e c t i n g  t h e  t h r u s t ,  i s  

obtained by  r o t a t i n g  t h e  individual  b lades  i n  a c? i rec t ion  

(arrow B)  oppos i te  t o  t h e  d i r e c t i o n  of r o t a t i o n  of  the  system 

as  a whole and, i n  f a c t ,  a t  half t h e  angular  v e l o c i t y ,  so t'mt 

each blade t u r n s  only 180° dur ing  a complete r evo lu t ion  of t h e  

mholc systcm. 

medium assumed t o  bc a i  rest, a re  thcn ind ica ted  i n  t h e  diagram. 

By xcans of t h e  flow t a n g e n t i a l  t o  the bladc,  t h c  l a t t e r  dc- 

r ives  zd f o r c e ,  which is r e s o i v d ,  i n  iiic c l i a , p ~ i i ~ ,  i n t ~  twc; CGZ- 

ponents.  One of t h e s e  components l i e s  i n  t h e  d i r e c t i o n  of t h e  

The fo rces  ac,ti;.g on t h e  ind iv idua l  blades,  i n  a 

f low,  t angen t i a l  t o  t he  circumference of t h e  c i r c l e ,  and rep-. 

r e s e n t s  t h e  d r a g  r e s i s t a n c e  of t k e  bladc,  which i s  overcome by 

t h e  torque of t h e  d r iv ing  engine. The o the r  component i s  a g a i n  

resolvcd i n t o  a "thrust conroonent" 2nd a l a t c r a l  force ,  so  tha t  

t h e  lclttral f o r c e s  of t he  d i f f e r e n t  b lades  countcrac t  one an- 

o t h e r .  The sum of t he  t h r u s t  components i s  then t h e  t o t a l  pro- 

p e l l e r  t h m s t  . 
yr d i g .  2 shows t h e  p a t h  of sn ind iv idua l  blade and shows the  

d i r e c t i o n  of t h e  r e s u l t i n g  f l o w  zna it s c r o  ss- s cc t ion The 

d e s i r e d  c t i rec t ion  of th rus t  can be  obtaincd by chmging  t h c  

p o s i t i o n  of t h e  blcdes,  without c'mnging t h e  d i r e c t i o n  of ro- 

t a t i o n ,  by a simplc device not a f f e c t e d  by t h e  f o r c c s  Scncrated. 1 

. In accord wi th  tile above cons idera t ions ,  a sr?al.l p r o p e l l e r  
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of 10.23 inches diameter and 5.91 inches l eng th  of blade v:as 

t e s t e d  i n  th-e wind tunne7. of the Z n i v e r s i t y  of Wa,shington. 

func t ion ing  of t h i s  exTerircenta1 pTo-Qeller  groved v e r y  satis- 

f a c t o r y .  

r a t e  ex2eriments on t b c  revolu t ion  speeds ar,d %he f o r c e s  gcncr- 

a t e d  a t  var ious r e l a t i v e  speeds, between t h e  propel ie r  ail6 the  

f lowing  ri&.ium, and cs tab l i shcd  t h e  f a c t  t;!:..at t h e  b2st r e s u l t  

depends or! t h e  rrztio of -the width of t h e  %lades t o  t h e  diarr;eter 

The 

A l n r s e r  model enabled t h e  performance of more accu- 

of t h e  p r o p e l l e r .  The rcemlts  thus obtaI:ied re,-dercd i t  Foss i -  

b l e  t o  unciertake experixcnts on a l c rge r  scale.  

The s b i l i t y  t o  change t h e  C i rec t ion  of t n r u s t  i s  very  ad- 

vantageous f o r  an  airship w i t h  i t s  three-6i.ncnsion;tl d i r e c t i o n s  

of motion. If t h e  pror~c l l . e rs  a r e  i n s t a l l e d  w i t h  t k i r  axes of 

r o t a t i o n  peruendicular  t o  t h e  v e r t i c a l  p l cne  of t h e  3 i rship,  

i t  i s  then p o s s i b l e  t o  d i r e c t  t h e  t h r u s t  up:.~ard, i n  order  t o  

make t h c  a i r s h i p  dmcend, o r  t o  d i r c c t  tile t h r u s t  &ownm,rd, s o  

as t o  rmkc t’nc a i r s h i p  rise, o r  t o  a r i v c  the  a i r s h i p  e i t h e r  for -  

ward o r  backward. if, on t h e  o the r  hand, t h c  ;?ropcl lers  &re  s o  

d isposed  that their axcs of r o t a t i o n  l i c  i n  t i ic ve r t i ca l .  plane,  

t h e n  t h c  thrust can b e  elycrted i n  any d i r e c t i o n  i n  t h e  horizon- 

tal p lane  f o r  s t z e r i n g  trc? a i r c h i p  l a t x a l l y .  The mneuvcra- 

b i l i t y  of t h e  F i r s h i p  i s  th1.is c x t r z o r d i m r i l y  inc rmsed .  

A l a r g e  a.irship p r o p e l l e r  VJaS then made, as secn a n  t he  

t e s t i n g  s:ta.;icI ir, Fip.  3. I t  hz3 34. b ladcs  4 C t *  9 .1  in.  lOi1g 

and 22 in. wide, t h e  diarncter of t h e  whole p r o p e l l e r  bc ing  
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about  15 f t .  1.1 in.  On t h e  l e f t  s t ands  t h e  d r i v i n g  engine, a 

400 1H.P. Wright a i r p l a n e  engine ivhich, through a reduct ion  gear, 

drove t h e  p r o p e l l e r  a t  oc ly  225 R.F.X. It  thus qeneratecl a 

t h r u s t  of about 212 pounds. F ig .  4 shows t h e  p r o p e l l e r  running. 

The sml l  s t reamers  ind-icate t h e  d i r e c t i o n  of flow. The pic- 

t u r e  also shows t h e  Salance f c r  xeasur in?  t h e  t h r u s t ,  which i s  

suspended bctiv'ccn t h e  p r o o c l l e r  ana  a f i x e d  p o i n t .  The hub i s  

c a s t  aluminum. The r i m  ( F i g .  6) is cons'tructed of duralumin, 

while s t e e l  cab les  a r e  used f o r  b rac ing .  Some of t h e  supports 

f o r  t h9  blade a x l e s  a r e  a l s o  sb.own. On t h e  d r i v i n g  s ide,  the 

c a s t  p i e c e  w i t h  the four  openings, through which the  radial 

d r i v i n g  shafts f o r  r o t a t i n g  t h e  b lades  are introduced, a r e  

shown in  Fig.  7 .  Fig.  8 shons t h e  s t r u c t u r e  of an ind iv idua l  

blade with 2 duralumin tubular  axle ,  duralumin ribs and f a b r i c  

covering. Af te r  good r e s u l t s  had b c e n  obtained m i t h  t h s e  ex- 

pcrirnentc,l p r o p e l l c r s ,  5 s  re@rds cff i c icncy ,  f a c i l i t y  of  con- 

t r o l  3rd q u i c t  opcrat ion,  oning t o  t h e  low revolu t ion  s p e d ,  

i t  wc.s planncd t o  i2stall t h e  Kirsten-Boeing p r o p e l l e r s  on t h e  

American airsLip 'lShcna;id.oah,'l as shown i n  Figs. 9-10. I t  is  

seen  t k t  t h e  ou te r  r i m  i -as  l e f t  o f f ,  s o  that, t h e  b l ades  pro- 

j e c t  d i r e c t l y  i n t o  t h e  open a i r .  There were s i x  m i n  propcl- 

l c r s  thus desicncd,  n i t h  t h e i r  axes a t  a n  anp le  of 30' t o  the  

horizontal plarre. K i t h  these p r o p e l l e r s  i t  is poss ib l e  $0 so  

ad jus t  the  thrust  2s t o  prodilce forward 2nd backward and u p  

ward and- downward motions of t h e  a i r s h i p .  The two rear propel- 
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l e r s  l i e  i n  t h e  v e r t i c a l  p l a n e  and r ep lace  tile c u s t o m r y  rud- 

d e r s =  

ahead f I . i @ t .  

%hat a l l  the  d r i v i n g  shafts, struts,  supports  and engines 'rave 

been put i n s i d e  the  hul.1. 

u s e  of en  inconbus t ib lc  l i f t i n g  g a s ,  e.E;., helium. 

bags arc  i n f l a t e d  only J u s t  enough t o  l i f t  t h e  a i r sh in  t o  the 

d e s i r e d  p res su re  h e i @ t .  

g e t s  t o o  l i g h t  from tile coi isuqt ior ,  of t h e  f u e l ,  i t s  ascent  

can be a r r e s t e d  by the  proFer adjustment of t h e  proT)el.lers. 

I n  p r a c t i c e ,  t he  a i r sh ip  sill b e  suppl ied with only enough cas 

t o  l i f t  one-half of t h e  fuel required f o r  t he  t r ip ,  t n c  b a l m c e  

of t h o  l i f t  required durine t h z  f i r s t  b a l f  of t he  j o - u n e y  ??eing 

suppl ied  by t h e  propellers. Thc p o s s i b i l i t y  OS c o n t r o l l i n g  t h e  

a i r sh ip  i n  t h e  v e r t i c a l  d i r e c t i o n  by x a n s  of the  p r o p c l l e r s  

renders it  unnecesssrT7 t o  va lve  t h e  very va luab le  heliurr! @s 

i n  order  t o  b r i n g  t h e  ship down. 

heavy arid cumbersome devices  f o r  recovering ballast water from 

t h e  exFaust gases of t h e  engines can be  eliminated. 

These proyel-lers increase  t h e  forward th rus t  i n  s t r a i g h t -  

Referr ing t o  tb.e drawings, it i s  worth not ing  

T h i s  arrangement nccess i t a$es  t h e  

The :;as 

If, a f t e r  a l o n z  f l i g h t ,  t h c  a i r s h i p  

For  t h e  same reason, t h e  

In rep.rd t o  t h e  ba l las t  and t - i m  d i f f i c u l t i e s ,  t h e  r:irsl?ip 

can be  kept on a n  even k e e l  a t  a i l  t imes,  

any  p r c p e l l e r  can bc changed i n s t a n t l y  t o  any d i r e c t i o n  ro- 

quired t o  counteract  any tendency of t h e  sh ip  t o  r i s e  o r  :?a.Il. 

The l i m i t s  of t h i s  poss ib i ? . i t y  n a t u r a l l y  depend on the  m a g i -  

tude  of t h e  a v a i l a b l e  p rope l l e r  t h r u s t .  

s ince  t h e  Lhrust of 

v. 

In t h i s  case t h e  pro- 
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p e l l e r s  were designed f o r  a thrust  of about 1800 pounds each, 

maicinc a t o t a l  t h n m t  of about 10,800 pounds f o r  t h e  s i x  main 

p r o p e l l e r s .  

Since t h e  con t ro l  of an a i r s h i p ,  equipped x i t F  t h e  Kirsten-  

Boeing p r o p e l l e r s ,  i s  independent of t h e  f l i g h t  speed and has, 

through the  a c t i o n  of t h e  p r o p e l l e r s ,  ve ry  p ; r c a t  "rudder- 

f o r c c s t l  a t  I t s  disposal, t 3 c  h u l l  can b e  mde s h o r t e r  and more 

conpact f o r  a given $as capaci ty ,  and the a i r s h i p  can b e  made 

s t r o n i e r  w i t h  t h e  same weight of  m t e r i a l .  The a t tendance  of 

t he  a i r sh ip  i s  l ikewise  S rea t ly  s i m p l i f i e d ,  due t o  t he  f a c t  

t5a.t t h e  engfnes always revolve  i n  t h e  same d i r e c t i o n ,  rezard- 

less of t h e  d i r e c t i o n  of t h c  thrust. I n  ordinary maneuvers, 

i t  i s  not  nccessary t o  s t o p  the engines o r  disconnect any 

coupl ings,  even whep i t  i s  des i r ed  t o  b r i q  t h e  sh ip  to a COW 

p l e t c  s top .  The d i r e c t i o n  of t h e  t h r u s t  of s t l l  t h e  p r o p e l l e r s  

can bc con t ro l l ed  by one man throxgk sirxple mechanical and 

electrical dev ices  1occ.tcd i n  the p i l o t  house. The i n s t a l l a t i o n  

of a n  z u t o m t i c  con t ro l  i s  e n t i r e l y  feasible. 

The $ o t a l  s e i g b t  of a n  a i r s h i p  eqv,ipped w i t h  Kirsten-3oeing 

prope?.l,crs w i l l  be less than t5at of onc equipped w i t h  the con- 

v e n t i o m l  screv p r o p e l l e r s .  The Tliieignt of t h e  s t e e r i n g  gear, 

power czrcs, e t c . ,  on such a n  a i r sh ip ,  is g r e a t e r  than that  of 

t h e  Kirst e:i-Soeing propel lers .  Yoreover,  an a i r s h i p  equippcd 

w i t h  Kirsten-Eoeing p r o p e l l e r s  mould r equ i r e  less  bal las t  ai2d 

a srmllcr  crew, s i n c e  it would not b e  necessary t o  have rcten 
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stationed a t  t h e  ensines  t o  receive o rde r s .  

The American naval a u t h o r i t i e s  were m i d  t o  f avor  t h e  in- 

. stallatiori of t h e s e  p r o p e l l e r s  on t k e  llShcnandoah,tl b u t  the 

p l a n  was not carr ied out,  due t o  the  des$mct ior ,  of the zir- 

sh ip .  .Since no other z i r s y i p  is  now ?avai lab le  f o r  t h i s  pur- 

pose, t he  f u r t h e r  dcvelogmcnt of t h i s  t-De ~f p r o p e l l e r  i s  

a r r c s t  cd f o r  t h e  oresent .  

I n  t h e  a w n t i m e  advmtage  vat3 t rken  of  t n c  knonledgc ac- 

q u i r e d  t o  des ign  p rope l l e r s  f o r  d r i v i n g  h o z t s .  Thrcc model pro- 

p e l l e r s  r c r e  made anC i n s t a l l &  in  t u r n  on an expeririental  

boa t .  Thc boct  p r o p e l l e r  required s p e c i a l  mamires t o  keep t h e  

water n:my from t he  d r i v i n g  nechanism. Tiic first ~ i . d e l  Imd . 

s i x t e e n  blades, each blade carrying,  a t  i t s  u2r)er en&, 2- s t e e l  

cog-v:heal, which rncshed v i t h  a large ceatrz,l  q--TCcr-v!-icel, which 

had an inner rovf of cogs znd rcvolvcd on s a t e l l i t e  rmrs around 

a n  ad.just2ukle s t a t i o m r y  Y-heeel. 

ball bear ings  a t  i t s  u p ~ e r  end znd :Tocknood b e r r i n g s  a t  i t s  

Each blad-e wdc provided with 

l o w e r  end. I n  t h e  t e s t s  i t  vas foul?d tkszt t h e  r eam e q l o y e d  

f o r  keepir,g t he  m t c r  sway fro21 the s t e e l  wheels and b a l l  b a r -  

i ngs  were i n s u f f i c i e n t .  second m o i e l  was a ide ,  i n  which t h e  

wheels lay a t  t h e  base of the  sp ind le s  and consisted of bronze.  

These wheels meshed again with a c e n t r a l  d r i v i n g  gear, l i ke -  

wise of bronze, on a shaf t  which extcnded t o  ?.Le head. of the 

p rope l l e r  and was t h e r e  ro t a t ed  by mal l  s teer i r ig  'vhceln, as 

shown i n  F i g .  11. T h i s  model ocmonstrated that t h e  bronze 
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whccls mct the requirements i n  s p i t e  of t h e  f a c t  that no nro- 

t ec t io f i  vras cnployed ar,d t h e  wheels were allowed t o  run d i r e c t -  

l y  i n  the  m . t c r .  This  discovery helped tc, Gvcrcome the  w i n  

d i f f i c u l t y ,  which was connected with t h e  des ign  of t h e  propel-  

l e r .  The t r i a l  t r ips  covered a d i s t a n c e  of over 4000 n a u t i c a l  

miles  i n  ‘30th sal t  and f r e s h  water, thereby demonstrating t h e  

p r a c t i c a l  u t i l i t y  of t h e  propell.er i n  i t s  >resent  form. The 

propel- ler  was i n s t a l l e d  i n  a boat; a’ogut 38 f e e t  l ong  and! 6 f c c t ,  

7 inches ;;ride, vrith a 150 W .  engine. The q c e d  a$ ta incd  was 

about  2 5  m x t i c a l  miles (28.8 land miles)  pe r  hour. Af t c r  t h e  

t r i a l  tr ips,  t h e  p r o p e l l e r  was t e s t e d  i n  t h e  naval rnodel- 

t e s t i n g  bas in  i n  Washinzton. I t  was found t o  have an e f f i c i -  

ency of about 80% with a s l i p  of 20%. The fur ther  r e s u l t s  of 

t h e s e  t e s t s  a r e  given in  a report  by Admiral Taylor, included 

i n  t h e  Navy Yard pub l i ca t ions .  The boa t ,  equipped with a 

Kirs tm-Bocing p r o p e i l e r ,  requi res  no ruddcr, on account of  

t h e  a d j u s t a b i l i t y  of t h e  t h r u s t ,  and  has except ional  maneuuer- 

i n g  a b i l i t y .  It  can be s h i f t e d  quickly from f u l l  speed ahead 

t o  full speyi  a s t e r n .  

f e e t  rad ius  a t  ‘full speed o r  t u r n  on t h e  spot .  A f t e r  t he  ex- 

It can d e s c r i b e  a c i r c l e  of about 100 

periments wi th  t h e  second model, t h e  cons t ruc t ion  mas g r e a t l y  

s impl i f i ed .  Fig.  12 is  a s e c t i o n  through t h e  t h i r d  2nd last 

model. 

Trans la t ion  by Dwight b1. Miner, 
Na t iona l  Advisorv Committee .. f o r  Aeronautics. 
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Fig.1 

. 

Diagran o f  p r o 2 e l l e r .  

Directioli  o f  thrust 

Fig .2  Path o f  each blade. 
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Fig.3. Propeller on t e a t  

. 

F1 

ing 

.g.4. Propeller runnin (Thrust- 

etand. 

measuring cievioe f * 

I 

Fig.6. 
Enlarged view, ehoxicg s t r u o t u r e  

I i I  

F i g . 7 .  Hu5. Fig .8 .  Plades,  shoving e t ruc tu re .  
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Fig.10 h t b o a r d  p r o f i l e ,  Bide e l e v a t i o n  and inverted plan of 
a i r s h i p  20?.5 m (680.8 f t . )  i n  l e n g t h  with K=B propo. 
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Fig.12 C r o s s - s e z t i o n  o f  b o a t  
F r o p e l l e r  (3r i i . zoae l )  


